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Abstract. The data concerning the value of duplex
sonography in diagnosing parenchymatous renal allo-
graft dysfunction are controversial. Most early studies
did not take into consideration the many factors
influencing resistance parameters. We therefore per-
formed a prospective, biopsy-controlled study with
exclusion of all known sources of error regarding
resistance parameters. Furthermore we investigated the
value of a new resistance parameter, the systolic decel-
eration percentage. Forty-seven duplex sonographic
studies were performed on 43 patients (30 male, 13
female, median age 47 years, range 7-70). Fourteen
studies were done on normally functioning grafts (con-
trol group) an average of 33 days after transplantation.
Thirty-three studies were performed on dysfunctional
grafts immediately prior to biopsy. Grafts which had
been transplanted more than a year previously or with
vascular findings or any other clinical or sonographic
pathology probably explaining function deterioration
were excluded. In all patients, the resistive index (RI),
pulsatility index (PI) and systolic deceleration percent-
age (DP) were calculated in the main renal artery and
in the interlobar artery. Of the 33 grafts with dysfunc-
tion, nine had vascular rejection (VR), 11 interstitial
rejection (IR), 11 cyclosporin A toxicity (CAT) and
two other histologies (OR). The mean RI in normal
grafts (NO) was 0.71+0.06 in the main artery and
0.68 + 0.06 in the interlobar artery, in VR 0.86 + 0.12
and 0.80 + 0.18, in IR 0.72 + 0.05 and 0.70 + 0.07, in
CAT 0.67 + 0.06 and 0.65 ±0.07 and in OR 0.64 + 0.07
and 0.60 + 0.01. For PI, the values were 1.45 ±0.23
and 1.41 ±0.28 (NO), 3.5 + 2.13 and 2.92±2.16 (VR),
1.55±0.26 and 1.46±0.33 (IR), 1.32±0.25 and
1.27±0.26 (CAT) and 1.30±0.34 and 1.13±0.04
(OR). For DP we calculated 28±5% and 29±6%
(NO), 43 ±14% and 36 ±6% (VR), 29 ±9% and
27 ± 9% (IR), 31 ± 8% and 32 ± 7% (CAT ) and 32 ± 4%
and 28 + 3% (OR). The sensitivity/specificity for VR
with a cutoff mean+ 2 SD was 0.44/1 for RI, 0.55/0.97
for PI and 0.33/0.89 for DP. It was concluded that:
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(1) despite the high selection of our patient group,
diagnostic accuracy of duplex sonography for diagnos-
ing parenchymatous function disorder in renal allograft
remains insufficient; (2) in vascular rejection only,
the resistance parameters differ significantly from the
values of normal aUografts; (3) the higher the cutoff
of resistance parameters, the better the specificity and
the worse the sensitivity for diagnosing vascular rejec-
tion; (4) of all investigated resistance parameters, the
RI is the most practical due to a simple measurement
technique.
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Introduction
While duplex sonography is widely accepted for its
high diagnostic accuracy [1-4] in diagnosing renal
transplant artery stenosis, thrombosis or arteriovenous
fistula, its value in the differential diagnosis of paren-
chymatous disorders such as acute tubular necrosis
(ATN), vascular rejection (VR), interstitial rejection
(IR) and cyclosporin A toxicity (CAT) is controversial
[5,6]. Table 1 lists the major published studies which
address this issue [5-16]. There is an obvious hetero-
genity in the design of these studies. Only half were
prospective and strictly biopsy-controlled studies.
Furthermore, most studies were not standardized for
time after transplantation. Transplants with vascular
findings, e.g. transplant artery stenosis, were not always
excluded. Many studies had no standardized definition
of the Doppler technique and the duplex studies were
not strictly performed before biopsy. Finally, a control
group with clearly defined normal function is often
absent. Therefore, we were interested in evaluating the
performance of commonly used resistance parameters
in diagnosing biopsy-defined parenchymatous dis-
orders when compared to a control group with normal
renal function.
In addition, we studied a new Doppler resistance
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Table 1. Major studies dealing with the differential diagnosis of resistance parameters in renal allograft dysfunction, 1986-1994
First author and ref. no.
Rigsby [7]
Rigsby [8]
Johnson [14]
Rifkin [9]
Don [10]
Evans [11]
Genkins [6]
Schwaighofer [12]
Perrella [5]
George [13]
Montserrat [15]
Blane [16]
Frauchiger (this study)
Year
1986
1987
1991
1987
1989
1989
1989
1989
1990
1991
1992
1993
1994
Number
of duplex
studies
69
297
223
141
314
42
77
75
46
183
34
109
47
Parameter
used*
1
2
2
3
3
3
3
3
3
3
3
3
2,3
Cutoff
n.r.
1.5
2.3
0.9
0.85
0.8
0.6-1.0
0.86
0.9
0.75
0.75
0.8
0.83/1.9
Sensitivity
for vascular
rejection
0.82
0.75
0.63
0.13
0.97
0.94
0.90
0.91
0.43
0.86
0.90
n.r.
0.44/0.55
Specificity
for vascular
rejection
0.96
0.90
0.92
1
0.37
0.97
0.91
n.s.
0.67
0.76
0.71
n.r.
1/0.97
Biopsies
complete
No
Yes
No
No
No
No
No
Yes
Yes
Yes
Yes
No
Yes
Graft age
limitation
No
No
No
Yes
No
No
No
No
No
No
No
Yes
Yes
Control
group
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
Yes
Yes
Duplex
before
biopsy
n.r.
n.r.
No
No
No
No
Yes
n.r.
Yes
Yes
No
No
Yes
n.r. = not reported. *1 = diastolic/systolic ratio, 2 = PI, 3 = RI.
parameter within the same context. Usually, the
characterization of vascular resistance with Doppler
ultrasound is made by the ratio of minimal diastolic
frequency divided by peak systolic frequency, or by
modifications of this ratio. The involvement of arterial
vessels by a pathologic process influences not only the
ratio between diastolic and systolic frequency and the
mean arterial frequency but also the waveform of the
Doppler spectral analysis. Fronek et al. described
several Doppler features and considered acceleration
as the most sensitive [17]. Recently, Labs and
co-workers reported a feature superior to acceleration.
They found a significant reduction in the prestenotic
systolic deceleration time in extremity artery stenosis
in the segment close to the obstruction [18]. Due to
the shortness of the renal transplant artery, we hypo-
thesized that an involvement of vessels distal to the
sampling position might also influence systolic decel-
eration in renal allografts, probably yielding higher
diagnostic accuracy than the commonly used resistance
parameters. The evaluation of the diagnostic value of
this as yet uninvestigated parameter for renal trans-
plants was therefore another objective of our study.
Subjects and methods
Patients
From May 1991 to January 1993 we prospectively performed
a total of 47 duplex sonographic studies in 43 patients with
renal allografts (30 males, 13 females, mean age 44 years,
median 47, range 7-70). Thirty-four patients had arterial
hypertension, five had diabetes mellitus and seven were
smokers. Four patients had a living related donor kidney,
the others had cadaver grafts. Fourteen patients with normal
renal function served as a control group. The inclusion
criteria for the control group were normal and stable trans-
plant function over the first 4 weeks after transplantation
with an actual creatinine < 200 umol/1. After duplex sono-
graphic measurement, the transplant function remained
stable for at least 6 days. The mean serum creatinine in this
group was 112 umol/1 (median 120, range 68-169). For
ethical reasons, none of these transplants had a biopsy.
Duplex sonography was performed on average 33 days after
transplantation (range 26-48 days, median 34). The mean
heart rate was 72 + 8 beats/min, and mean blood pressure
was 151 ± 15/89 + 7 mmHg.
The inclusion criterion for the dysfunction group was
scheduled biopsy for increasing creatinine and/or decreasing
diuresis within the first year after transplantation. The exclu-
sion criteria were any vascular finding and any other clinical
or sonographic pathology possibly explaining the dysfunc-
tion, e.g. postrenal obstruction. Of 57 initially included
biopsies, 24 were excluded from the study. Of these, 16 were
excluded because of vascular findings (two iliac artery sten-
oses, eight transplant artery stenosis, six AV fistulae), four
because of postrenal obstruction, one because of lupus
erythematodes with disseminated intravascular coagulation,
one because of fever and tachycardia and two because of
delayed biopsy. Therefore 33 biopsies remained in the dys-
function group (25 patients with one biopsy and one duplex
sonographic study and four patients with two biopsies
and two duplex sonographic studies). The minimal interval
between the first and the second biopsy in those patients
with more than one biopsy was 1 month. The second biopsy
was performed for a new function deterioration and never
revealed the same histology as the first biopsy. The mean
heart rate was 77 + 10 beats/min (range 56-96) and the mean
blood pressure was 147+ 18/90 + 9 mmHg. The mean serum
creatinine in the group of transplants with dysfunction was
237 ±22 umol/1 (range 96-600, median 178). All these
patients underwent duplex sonography immediately before
biopsy. The biopsies were performed on average 3.9 months
after transplantation (range 0.3-9 months, median 3.9).
Itnmunosuppression
Patients received induction immunosuppression on days 0-6
in the form of either 4 mg/kg/day of rabbit ATG (ATG-
Fresenius) or 5 mg/day OKT3. Associated immunosuppres-
sion therapy consisted of steroids (0.5 mg/kg/day with
biweekly taper to zero), azathioprin (2 mg/kg/day day 0-56)
and cyclosporin A (200-300 mg twice daily from day 4,
with dose adjustments as necessary to reach target levels of
200-250 ng/ml).
Distinguishing dysfunction of renal allografts
Transplant biopsy
Rejections were primarily treated with methylprednisolone
pulses (0.5 g/day on three consecutive days). A renal biopsy
was taken if this treatment failed in a clinical rejection
situation. Graft needle biopsies (1.8 mm Tru-cut or Medilink
needles) were taken with ultrasonic guidance and processed
for light microscopy, immunohistology and electron micro-
scopy according to standard techniques. All biopsies were
classified by M.J.M.
Duplex sonographic measurements
After 10 min of rest prior to measurement of blood pres-
sure and heart rate, all patients were imaged with an
ATL Ultramark 9 digital plus unit (Advanced Technology
Laboratories, Bothell, WA, USA) using a 3-MHz phased-
array transducer. The wall filter was set at 50 Hz. Initially,
the cortex, medulla and the perirenal areas were imaged and
longitudinal and axial measurements were taken. In the
second part of the examination, the entire length of the iliac
artery as well as the main renal and peripheral arterial and
venous vessels were visualized with the color-coded Doppler.
The pulsed Doppler sample volume was then placed to take
three measurements of peak systolic and minimal diastolic
frequencies in the main renal artery as well as in the interlobar
artery or in areas of special interest with pathologic color
flow pattern. The Doppler angle was generally kept at 60°;
in cases of tortuous vessels, angle corrections were performed.
Velocities were recorded in cm/s. All transplants with vascular
findings, e.g. transplant artery stenosis, venous stenosis or
AV fistula, were excluded.
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Fig. 1. Illustration of two different types of Doppler waveforms, (a)
normal and (b) abnormal frequency loss in the first 100 ms after
peak frequency, (a) Normal systolic deceleration; (b) increased
deceleration in a segment with high peripheral resistance (e.g.
vascular rejection).
Results
Biopsy results
Of the 33 biopsies, nine were classified as VR, 11 as
IR, 11 as CAT and two had other morphology (OR;
one had a nearly normal histology with some oxalate
crystals and the other an unclassified complex histo-
logy). The histological changes were graded as mild,
moderate or severe. In 10 biopsies, histological changes
in addition to the main finding were observed.
Calculation of resistance parameters
The resistive index (RI) [19] was calculated by the
formula:
1 -
minimal diastolic frequency
peak systolic frequency
The calculation of the pulsatility index (PI) [20] was
according to the formula:
peak systolic frequency —minimal diastolic frequency
mean peak arterial frequency
The third evaluated parameter was the systolic decel-
eration (DP, deceleration percentage). Modifying the
parameter used by Labs et ah, we did not calculate
the time of deceleration but the percentage of peak
velocity reduction during the first 100 ms after the
systolic peak [18]. Figure 1 illustrates the principle of
this parameter.
For RI, an additional calculation for the correction
of heart rate was performed [21]. The correction of
RI for heart rate according to Mostbeck revealed
slightly lower mean values by 0.01-0.02, in all sub-
groups except vascular rejection. Because this non-
significant change did not influence either sensitivity,
specificity or positive or negative predictive value, the
heart rate-corrected data were not considered further.
No correction formulae exist for PI and DP.
Resistance parameters
Table 2 gives an overview of the different resistance
parameters in the diagnosis groups. In the control
group, we found a significant difference for RI and PI
between the values in the main renal artery and those
in the interlobar artery (/><0.02, paired Mest). RI, PI
and DP in the main renal artery of grafts with vascular
rejection differed significantly from the values in
normal transplants (for RI P< 0.009, for PI and DP
P<0.03, unpaired Mest). The other histologies did
not differ significantly from normal grafts. Figure 2
Fig. 2. Duplex sonogram of a severe vascular rejection. The left part
of the illustration shows the position of the Doppler sample volume
in the main renal artery. On the right side, the Doppler spectral
analysis shows absent flow in mid and end diastole. RI is equal to 1.
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Table 2. Values of the three resistance parameters (mean ± SD)
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Main artery
0.71+0.06f (0.69 + 0.06)
1.45 + 0.23
28 ±5%
0.86 + 0.12* (0.86 + 0.12)
3.5 + 2.13**
43 ±14%***
0.72 + 0.05(0.71+0.05)
1.55 + 0.26
29 + 9
0.67 + 0.06(0.65 + 0.05)
1.32 + 0.25
31+8%
Interlobar artery
0.68 + 0.06f
1.41+0.28
29 ±6%
0.80+0.18
2.92 + 2.16
36 + 6%
0.70 + 0.07
1.46±0.33
27 ±9%
0.65+0.07
1.27 + 0.26
32 + 7%
Statistics
Normals (n = 14)
RI1
PI
Deceleration
Vascular rejection (n = 9)
RI1
PI
Deceleration
Interstitial rejection (n = 11)
RI'
PI
Deceleration
Cyclosporin A toxicity (/»= 11)
RI1
PI
Deceleration
tP<0.02
*P<0.009 vs normals
**P<0m vs normals
***P<0.03 vs normals
1
 Values corrected for heart rate [21].
shows the duplex sonogram of a severe vascular
rejection.
Diagnostic accuracy
The calculations of sensitivity/specificity are based on
the highly selected patient group. Since only the
patients with vascular rejection differed in their resist-
ance parameters from the normals, we only evaluated
the performance of the three parameters in detecting
vascular rejection. The cutoff for all parameters was
based on the values of normal transplants and was
defined by the mean-t-2SD. Therefore, the cutoff for
RI was 0.83, for PI 1.9 and for deceleration percentage
39%. The sensitivity/specificity for vascular rejection
was 0.44/1 for RI, 0.55/0.97 for PI and 0.33/0.89 for
DP. The receiver operating curve (ROC) with stepwise
increased threshold for all three resistance parameters
is shown in Figure 3.
Discussion
The accuracy of duplex sonography in the diagnosis
of parenchymatous disorders of renal allografts is
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Fig. 3. Receiver operating curve for RI, PI and DP (stepwise
increased threshold) in diagnosing vascular rejection.
controversial. We therefore performed a prospective
and biopsy-controlled study and tried to eliminate any
known sources of error with respect to resistance
parameters. Despite this, we were unable to demon-
strate any use of duplex sonography for diagnosing
parenchymatous disorders. Vascular rejection was the
only state in which the mean values for all resistance
parameters differed significantly from those of normal
transplants. With a standard cutoff of mean + 2SD we
achieved for vascular rejection an excellent specificity
combined with a poor sensitivity. Lowering the cutoff
somewhat increases sensitivity but at the same time
lowers specificity.
The lack of diagnostic accuracy is evident. Despite
the highly selected patient group, we achieved an
acceptable specificity for vascular rejection only, but
combined with an insufficient sensitivity in a clinical
setting. Assuming that interstitial rejection or cyclospo-
rin A toxicity influences the resistance parameters in a
predictable way appears to be wrong. Despite the
known vasoconstrictive effect of cyclosporin A on
peripheral renal vessels [22], we noted no difference
compared to normal transplants in our study. On the
other hand, Platt et al. showed a significant increase
in RI in postrenal obstruction, a non-vascular cause
of renal dysfunction [23]. Inconsistent results are
reported for ATN. Because in our institution ATN is
based on clinical parameters, and allografts with imme-
diate postoperative dysfunction only rarely undergo
biopsy, we have no data for comparison in this study.
The available data in the literature suggest that severe
ATN causes an increase in resistive parameters [24,25].
In summary, only a severe reduction of renal blood
flow seems to influence duplex sonographic parameters
of resistance. In irradiated pig kidneys, even a blood
flow reduction of two-thirds did not influence Doppler
parameters significantly [26]. Therefore, a blood flow
reduction of about 50%, as seen in cyclosporin A
toxicity, does not necessarily change resistive para-
meters. On the other hand, in severe vascular rejection
Distinguishing dysfunction of renal allografts
renal blood flow may be decreased to 10-20% [27]. In
addition to thrombosis, intimal proliferation and inti-
mal fibrosis, severe blood flow reduction seems to be
mediated by thromboxane, which leads to an extensive
preglomerular vasoconstriction [28,29]. In this situ-
ation, Doppler parameters change significantly. As a
co-factor to the renal pelvis pressure increase, the renal
blood flow reduction may also be mediated by throm-
boxane-induced vasoconstriction in postrenal obstruc-
tion [30].
The exclusion of potential miscalculations by a care-
ful study design did not improve the accuracy of duplex
sonography. Since the correction for heart rate did not
influence diagnostic accuracy of RI in our series, we
ignored this factor in all subgroups. Furthermore, for
PI no correction factor is known, while the systolic
deceleration does not seem to be influenced by heart
rate. Nevertheless, a more accurate distinction of
different parenchymal disorders could not be achieved.
In randomly selected cases, the scattering of the results
in the different groups may have been even larger.
The comparison between the three applied para-
meters shows that there are no substantial differences
in diagnostic accuracy. With the cutoff mean + 2SD,
the highest sensitivity was reached by PI, whereas the
RI had a somewhat poorer sensitivity but an excellent
specificity of 100%. However, sensitivity (33-55%) of
all parameters is insufficient.
The new parameter, the deceleration percentage, was
based on the observation that the systolic deceleration
is increased in cases of a more distal arterial obstruction
[18]. We reached a high specificity in vascular rejection
similar to PI with a slightly poorer sensitivity. The
alteration of the late systolic Doppler waveform seems
to be affected by the same mechanisms as RI and PI.
The change of the Doppler waveform in late systole is
uniform and consists of a deceleration increase. The
graduation of the increase again shows no correla-
tion to the pathologic diagnosis except for vascular
rejection.
The PI has one more measurement element than RI.
Despite this, the additional calculation of mean velocity
effects no additional diagnostic accuracy. We assume
that this is due to the close relationship between the
minimal diastolic velocity and the mean velocity which
effects a parallel cumulative increase of variance.
In consideration of all above facts, the RI is easiest
to perform and gives the best information. Only two
simple parameters are needed for calculation of RI.
For PI, three parameters are necessary, of which the
mean velocity requires corresponding calculation soft-
ware in the scanner. The quantification of late systolic
deceleration requires either extended manual measure-
ment or special calculation software.
The values of the resistance parameters in the main
artery compared to the interlobar artery are signific-
antly higher. This phenomenon has already been
reported in an earlier study [25]. It is assumed that
the decrease of resistance parameters from the central
renal artery to the periphery is due to a decrease of
the resistance remaining 'downstream'. We also noted
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distinctly lower velocities in the peripheral vessels
compared to the main artery. The same observation
was described by Deane [31]. Nevertheless, the differ-
ence between the two sampling positions has no dia-
gnostic significance.
We conclude that the resistance parameters measured
by duplex sonography are insufficient for the diagnosis
of parenchymal diseases in renal allografts. The only
exception to this is the diagnosis of vascular rejection.
In this situation, distinctly increased resistance para-
meters indicate vascular rejection as the most probable
disorder provided all known sources of error are
excluded. While duplex sonography is very useful for
diagnosing vascular lesions within the main renal
artery, its use for parenchymal disorders is limited.
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